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METHOD AND KIT FOR MELECULAR IDENTIFICATION OF SMALLPOX 

PRIOR APPLICATION INFORMATION 

This application claims priority on USSN 463,333, filed April 17, 2003. 

5 

FIELD OF THE INVENTION 

The present invention relates generally to the field of pathogen identification. 
BACKGROUND OF THE INVENTION 

Currently, international concern is heightened regarding the use of Smallpox virus 
10 as a bioterrorism agent. Smallpox is a disease caused by an infection with the variola 
virus, a member of the genus Orthopoxvirus. The last naturally occurring case of Smallpox 
was reported in Somalia in 1977. Since recommendations for routine Smallpox vaccination 
were rescinded in North America and most of Europe in 1971, and the effectiveness of 
vaccination appears to last only 10 years, much of the world population is currently 
15 susceptible to infection. During the Smallpox era, overall mortality rates were 
approximately 30%. Death usually occurred late in the first week or during the second 
week of illness and was usually attributed to overwhelming viremia. The virus is highly 
transmissible from person-to-person and infected individuals may, in turn, infect tens to 
hundreds of susceptible contacts. 
20 The only acknowledged stockpiles of variola virus, the causative agent of smallpox, 

are those maintained in the USA and Russia (Henderson, D.A. et al. JAMA 
281,2127-2137 (1999)). The recent anthrax attack on the USA, however, has renewed 
fears that additional stockpiles do exist and could be used as a bioterrorist weapon on a 
now largely susceptible population. The diagnosis of ordinary-type smallpox was relatively 
25 easy when endemic, and was based on the distribution and evolution of the rash. 
However, in non-endemic regions, smallpox could sometimes be confused with 
chickenpox which is caused by a herpesvirus (varicella) (Fields' virology, Knipe, D.M., 
Howley, P.M. (eds)-4th ed., 2001). 

Other members of OPV that can cause clinical disease in man and for which 
30 discrimination is needed are Monkeypox virus (MPXV), which produces a clinically similar, 
although usually less severe disease that has, until recently, been restricted to western 
sub-Saharan Africa (Centers for Disease Control and Prevention. 2003, Morb. Mortal. 
Wkly. Rep. 52:537-540; Esposito and Fenner, 2002. Poxviruses, p. 2885-2921. In Knipe et 
al., Fields' virology, 4th ed. Lippincott Williams & Wilkins, Philadelphia, Pa). Vaccinia virus 
35 (VACV) and Cowpox virus (CWPX) can both infect humans, normally resulting in a mild 
disease (Esposito and Fenner, 2002), although VACV has been known to cause severe, 
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even fatal complications following vaccination (Henderson et al. 1999, JAMA 281:2127- 
2137). It is unclear if Camelpox virus (CMPX) causes disease in humans but it's genome 
has recently been recognized as being the most closely related to VARV (Gubser and 
Smith, 2002, J. Gen. Virol. 83:855-872) and concerns raised over possible genetic 
5 manipulation to a human virulent strain. 

Ideally, diagnostic tests for OPV must be rapid, sensitive and discriminatory for the 
OPV that cause significant disease in humans. Very rapid methods have been described 
such as real-time 5' nuclease PCR (polymerase chain reaction)( Espy et al M 2002, Mayo 
Clin. Proc. 77:624-628; Hazelton and Gelderblom, 2003, Emerg. Infect. Dis. 9:294-303; 
10 Ibrahim et al., 2003, J. Clin. Microbiol. 41:3835-3839; Ibrahim et al., 1997, Mol. Cell. 
Probes 11:143-147; Kulesh et al., 2004, J Clin Microbiol. Feb;42(2):601-9; Mackay et al., 
2002, Nucleic Acids Res. 30:1292-1305; Nitsche et al., 2004, Clin Microbiol. 
Mar;42(3): 1207-1 3) and PCR followed by oligonucleotide microarray hybridization (Ibrahim 
et al., 1998, Anal. Chem. 70: 2013-2017; Lapa et al., 2002, J. Clin. Microbiol. 40:753-757.) 
1 5 but these techniques require specialized instrumentation that may not always be available. 
PCR based assays have been described to detect and differentiate OPV infections and 
when combined with sequencing or restriction fragment length polymorphism (RFLP) 
analysis of products can offer a high degree of sensitivity and discrimination and can be 
accomplished in many existing laboratories (Loparev et al., 2001, J. Clin. Microbiol. 
20 39:94-100; Meyer et al., 1997, J. Virol. Methods 64:217-221; Neubauer et al., 1998, J. 
Virol. Methods 74:201-207; Ropp et al., 1995, J. Clin. Microbiol. 33:2069-2076). 

For most laboratories, the lack of positive controls for VARV is a significant 
concern for both the amplification step and subsequent RFLP analysis. The development 
of molecular biological tests as diagnostic tools in infectious diseases began, for the most 
25 part, after nations had destroyed their VARV stocks or deposited them at the two 
reference centers. Access to this material is extremely limited and impossible for most 
organizations making controlled testing procedures difficult or impossible to put in place. 

As discussed above, when faced with a potential smallpox or monkeypox outbreak, 
time is of the essence. Clearly, a quick and easy method of determining if orthopoxvirus is 
30 present within a sample and identifying the orthopoxvirus is needed. Diagnostic tests need 
to be available to rapidly and accurately detect and differentiate these pathogens, 
especially VARV and MPXV, in clinical material for appropriate public health actions to be 
initiated: To address this need we have developed rapid and highly sensitive PCR-RFLP 
assays targeted to the OPV hemagglutinin (HA) and cytokine response modifier B (crmB) 
35 genes, complete with synthetic positive controls, suitable for use in most routinely 
equipped laboratories. 
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SUMMARY OF THE INVENTION 

According to a first aspect of the invention, there is provided a method of detecting 
and identifying an orthopoxvirus within a sample comprising: 
5 adding to the sample reagents for nucleic acid amplification and at least one pair of 

primers capable of amplifying at least one region of the orthopoxvirus genome, said region 
of the orthopoxvirus genome selected from the group consisting of HA and crmB; 

incubating the sample under conditions suitable for nucleic acid amplification 
thereby producing an ampiicon if the sample contains orthopoxvirus; 
1 0 adding at least one restriction enzyme selected from the group consisting of: Nla 

III, Sau 3AI, Spe I, Dra I, Hpa I, Ssp I, Alw44l and combinations thereof; and 

determining if restriction enzyme digestion of an ampiicon has occurred. 
According to a second aspect of the invention, there is provided a pair of primers 
for detecting orthopoxvirus in a sample comprising 12 or more consecutive nucleotides of 
15 ATGCCGGTACTTATGTATGTGC (SPOXHA5, SEQ ID NO: 1) and 12 or more 
consecutive nucleotides of TCTTGTCTGTTGTGGATTCT (SPOXHA3, SEQ ID NO: 2) or 
12 or more consecutive nucleotides of TACCGGTCTCAGCGAATC (SPOXcrmBS, SEQ ID 
NO: 3) and 12 or more consecutive nucleotides of ACCGTCTCCGAATGCGGCAT 
(SPOXcrmB3, SEQ ID NO: 4). 
20 According to a third aspect of the invention, there is provided a kit for detecting and 

identifying orthopoxvirus comprising: 

at least one pair of primers selected from the group consisting of 12 or more 
consecutive nucleotides of ATGCCGGTACTTATGTATGTGC (SPOXHA5, SEQ ID NO: 1) 
and 12 or more consecutive nucleotides of TCTTGTCTGTTGTGGATTCT (SPOXHA3, 
25 SEQ ID NO: 2); and 12 or more consecutive nucleotides of TACCGGTCTCAGCGAATC 
(SPOXcrmBS, SEQ ID NO: 3) and 12 or more consecutive nucleotides of 
ACCGTCTCCGAATGCGGCAT (SPOXcrmB3, SEQ ID NO: 4). 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 Schematic representation of restriction enzyme sites used for RFLP 
30 analysis of Orthopoxvirus PCR generated amplicons. Open bars represent the amplicons 
produced by the HA and crmB primer sets designed for this study, a, Sequence of primers 
for HA amplification corresponded to base pairs 151327-151347 (SpoxHAS) and 151656- 
151637 (SpoxHA3) of variola major strain (Bangladesh 1975) GenBank accession # 
L22579. Amplicons generated using these primers were used in RFLP analysis using Sau 
35 3AI (black arrows) and Spe I (open arrows). These two enzymes were sufficient to 
differentiate VARV, MPXV and CMLV from each other as well as from VACV or CPXV 
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which produce identical fragments in this assay, b, Sequence of primers for crmB 
amplification corresponded to base pairs 183227-183244 (SpoxcrmBS) and 183493- 
183474 (SpoxcrmB3) of variola major strain (Bangladesh 1975). Amplicons generated 
using these primers were used in RFLP analysis with Dra I (black arrow), and Nla 
5 ///(diagonally striped arrow). These two restriction enzyme digests allow VARV and MPXV 
derived amplicons to be identified and distinguished from other OPVsequences. 
Approximate size of RFLP generated fragments are shown in the table to the right. 

Figure 2. Determination of level of sensitivity using a VACV stock dilution a. PCR 
results for VACV DNA directly purified from dilutions of virus made in MEM media. The 
10 last dilution where crmB amplicon was detectable was in the 10~ 9 sample corresponding to 
approximately 0.0003 pfu detection limit. The HA amplicon was lastly produced in the 10" 8 
dilution, or an approximately 0.003 pfu detection limit, b. Absorption of VACV to SW-13 
monolayer resulted in amplicon being last produced in the 10~ 7 and 10* 6 dilution for crmB 
and HA respectively. This corresponds to 0.003 and 0.03 pfu detection limit under these 
15 conditions. Marker (M) is 100 bp ladder from Invitrogen (Burlington, Ontario, Canada), the 
100 to 400 bp bands are present on gel. Negative control lane control is denoted by H. 

Figure 3. Amplification of OPV DNA from a recent vaccinee. Samples isolated 
from the gauze covering the pustule (G) and from the scab crust (S) of a recent vaccinee 
were both assayed by PCR for OPV crmB and HA sequences. Negative control denoted 
20 by H, 100 to 400 bp markers are present on gel. 

Figure 4. PCR/RFLP analysis of OPV included in ENIVD panel, a. Top panel 
shows the result of amplification using crmB primer set. Panels at middle and bottom show 
RFLP analysis of amplicons using Dra I and Nla III, respectively. (1. VARV crmB, 2. VARV 
, crmB + 19 bp, 3. MPXV crmB, 4. MPXV crmB +19 bp, 5. MPXV*, 6. CMPX* , 7. CWPX 
25 81/02*, 8. VACV Modified Ankarra*, 9. VACV* , 10. CWPX Brighton Red*. 1 1 . VACV MVA, 
12. VACV T7, 13. VACV Conn-Master 17633) b. Top panel shows the result of 
amplification using the HA primer set. Panels at the middle and bottom show RFLP 
analysis of amplicons using Sau 3AI and Spe I respectively. (1. VARV HA, 2. VARV HA + 
19 bp, 3. MPXV HA, 4. MPXV HA +19 bp, 5. MPXV*, 6. CMPX* , 7. CWPX 81/02*, 8. 
30 VACV Modified Ankarra*, 9. VACV* , 10. CWPX Brighton Red*. 11. VACV MVA, 12. 
VACV T7, 13. VACV Conn-Master 17633). Samples marked with * provided through 
ENIVD panel, remaining samples provided by NML 

Figure 5. Sequences of artificial templates for producing amplicons corresponding 
to Variola HA (Fig. 5a, SEQ ID No. 5), Variola crmB (Fig. 5b, SEQ ID No. 6), Monkeypox 
35 HA (Fig. 5c, SEQ ID No. 7) and Monkeypox crmB (Fig. 5d, SEQ ID No. 8). 



WO 2004/092420 



5 



PCT/CA2004/000591 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Unless defined otherwise, all technical and scientific terms used herein have the 
same meaning as commonly understood by one of ordinary skill in the art to which the 
invention belongs. Although any methods and materials similar or equivalent to those 
5 described herein can be used in the practice or testing of the present invention, the 
preferred methods and materials are now described. AH publications mentioned hereunder 
are incorporated herein by reference. 
DEFINITIONS 

As used herein, "amplification reaction mixture" or "amplification mixture" refers to 
10 an aqueous solution comprising the various reagents used to amplify a target nucleic acid. 
These include but are by no means limited to enzymes, aqueous buffers, salts, target 
nucleic acid and nucleoside triphosphates. 

As used herein, "isolated" or "substantially pure", when referring to nucleic acids, 
refers to those which have been purified away from other cellular components and/or 
15 contaminants by standard techniques, for example, column chromatography, CsCI 
banding, and alkaline/SDS treatment as well as other techniques well known in the art. 

As used herein, "nucleotide polymerase" refers to enzymes that are capable of 
catalyzing the synthesis of DNA or RNA from nucleoside triphosphate precursors. 

As used herein, "primer" refers to an oligonucleotide capable of acting as a point of 
20 initiation of DNA synthesis under conditions in which synthesis of a primer extension 
product complementary to a nucleic acid strand is initiated. 

As used herein, "orthopoxvirus" refers to for example but by no means limited to 
variola, monkeypox, camelpox, vaccinia and/or cowpox viruses. 

Proper annealing conditions depend, for example, on the length of the primer or 
25 probe, the base composition of said primer or probe and the number of mismatches 
present and their relative position. 

Variola virus is considered an "A* list biological agent of high bioweapon capability 
and as such, rapid, sensitive and controlled diagnostic assays are needed to confirm any 
putative clinical cases. We developed two polymerase chain reaction - restriction fragment 
30 length polymorphism (PCR-RFLP) based assays to detect variola virus and differentiate it 
from the clinically similar monkeypox virus and from the related vaccinia and camelpox 
viruses, utilizing artificially generated RFLP positive controls in place of the unavailable 
variola and monkeypox virus genomes. Our assays were capable of detecting the 
presence of less than 10 plaque-forming units (pfu) of vaccinia virus and could prove to be 
35 valuable to those institutions where variola and monkeypox positive controls are 
unavailable for testing of clinical samples. 
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The invention comprises a method of detecting orthopoxvirus within a sample 
comprising providing primers capable of amplifying a region of the orthopoxvirus genome 
within the HA gene including restriction enzyme sites for Sau3AI and Spel and/or primers 
capable of amplifying a region of the orthopoxvirus genome within the crmB gene 
5 including restriction enzyme sites for Dral, Alw44l, Sspl and Hpal, as shown in Figure 1. 
As will be appreciated by one of skill in the art, a wide variety of primers spanning this 
region and capable of amplifying genomic DNA from at least one of the orthopoxviruses 
may be used. The sample and the primers are then incubated under conditions suitable 
for nucleic acid amplification as discussed below. The resulting amplicon(s) are then 

10 digested with at least the respective restriction enzymes listed above and the digestion of 
the amplicon(s) is determined, for example, visually, by DNA electrophoresis, although 
other suitable methods known in the art for detecting restriction enzyme cleavage, for 
example, absence of fluorescence quenching may also be used. As shown in Figure 1, the 
restriction enzyme digestion pattern can then be used to identify the orthopoxvirus, if 

1 5 present within the sample. 
/ In another embodiment, the primer pairs comprise 12 or more consecutive 

nucleotides of ATG CCG GTACTT ATGTATGTG C (nucleotides 1 51 327-1 51 347, 
SPOXHA5, SEQ ID NO: 1) and 12 or more consecutive nucleotides of 
TCTTGTCTGTTGTGGATTCT (nucleotides 151656-151637, SPOXHA3, SEQ ID NO: 2) 

20 for amplification of the region of the HA gene; and 12 or more consecutive nucleotides of 
TACCGGTCTCAGCGAATC (nucleotides 183227-183244, SPOXcrmB5, SEQ ID NO: 3) 
and 12 or more consecutive nucleotides of ACCGTCTCCGAATGCGGCAT (nucleotides 
183493-183474, SPOXcrmB3, SEQ ID NO: 4) for amplification of the region of the crmB 
gene. 

25 In other embodiments, the primer pairs may comprise 13 or more, 14 or more, or 

15 or more consecutive nucleotides of ATGCCGGTACTTATGTATGTGC (SPOXHA5, 
SEQ ID NO: 1) and 13 or more, 14 or more, or 15 or more consecutive nucleotides of 
TCTTGTCTGTTGTGGATTCT (SPOXHA3, SEQ ID NO: 2) for amplification of the region 
of the HA gene; and/or 13 or more, 14 or more, or 15 or more consecutive nucleotides of 

30 TACCGGTCTCAGCGAATC (SPOXcrmBS, SEQ ID NO: 3) and 13 or more, 14 or more, or 
15 or more consecutive nucleotides of ACCGTCTCCGAATGCGGCAT (SPOXcrmB3, 
SEQ ID NO: 4) for amplification of the region of the crmB gene. 

In another embodiment, the primer pairs consist essentially of 12 or more 
consecutive nucleotides of ATGCCGGTACTTATGTATGTGC (SPOXHA5, SEQ ID NO: 1) 

35 and 12 or more consecutive nucleotides of TCTTGTCTGTTGTGGATTCT (SPOXHA3, 
SEQ ID NO: 2) for amplification of the region of the HA gene; and 12 or more consecutive 
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nucleotides of TACCGGTCTCAGCGAATC (SPOXcrmB5, SEQ ID NO: 3) and 12 or more 
consecutive nucleotides of ACCGTCTCCG AATG CG G CAT (SPOXcrmB3, SEQ ID NO: 4) 
for amplification of the region of the crmB gene. 

In other embodiments, the primer pairs consist essentially of 13 or more, 14 or 
5 more, or 15 or more consecutive nucleotides of ATGCCGGTACTTATGTATGTGC 
(SPOXHA5, SEQ ID NO: 1) and 13 or more, 14 or more, or 15 or more consecutive 
nucleotides of TCTTGTCTGTTGTGGATTCT (SPOXHA3, SEQ ID NO: 2) for amplification 
of the region of the HA gene; and/or 13 or more, 14 or more, or 15 or more consecutive 
nucleotides of TACCGGTCTCAGCGAATC (SPOXcrmB5, SEQ ID NO: 3) and 13 or more, 
10 14 or more, or 15 or more consecutive nucleotides of ACCGTCTCCGAATGCGGCAT 
(SPOXcrmB3, SEQ ID NO: 4) for amplification of the region of the crmB gene. 

As will be known to one of skill in the art, DNA amplification involves allowing two 
primers to anneal to opposite strands of a template DNA in an amplification mixture and 
allowing extension of the primers. This process is repeated several times, thereby 
1 5 producing an amplification product. The PCR process is discussed in detail in for example 
US Patent 4,199,559, US Patent 4,683,195 and US Patent 4,683,202, which are 
incorporated herein by reference. 

To begin the PCR process, the target nucleic acid in the sample is denatured, 
typically by heating. Once the strands are separated, the next step involves hybridizing the 
20 separated strands with the amplification primers. The primers are then extended to form 
complementary copies of the target strands, and the cycle of denaturation, hybridization 
and extension is repeated as many times as necessary to obtain the desired amount of 
amplified nucleic acid. 

Template-dependent extension of primers in PCR is catalyzed by a polymerizing 
25 agent in the presence of adequate amounts of four deoxyribonucleotide triphosphates in a 
reaction medium. Suitable polymerizing agents are enzymes known to catalyze template- 
dependent DNA synthesis. For example, if the template is RNA, a suitable polymerizing 
agent to convert RNA to cDNA is reverse transcriptase, such as avian myeloblastosis 
virus RT or Murine Moloney Leukemia Virus RT. If the template is DNA, suitable 
30 polymerases include for example E. coli DNA polymerase I, the Klenow fragment of DNA 
polymerase I, T 4 DNA polymerase, Hot Tub® and Taq polymerase. 

Thus, in one embodiment, primer pairs corresponding to SPOXHA5 and 
SPOXHA3 and/or SPOXcrmBS and SPOXcrmB3 are mixed with a sample from a patient 
suspected of or at risk of orthopoxvirus infection. It is of note that these primers are 
35 described herein for illustrative purposes and other suitable primer pairs as discussed 
above may also be used. Reagents needed for nucleic acid amplification, discussed 
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above, are added to the sample and the sample is incubated under conditions suitable for 
nucleic acid amplification, for example, an initial inactivation at 95°C, 40 cycles of 45 
seconds at 95°C, 45 seconds at 50°C and 90 seconds at 72°C, followed by a final 
extension at 72°C for 5 minutes, although other suitable incubation temperatures and 
5 times may also be used. If orthopoxvirus DNA is present within the sample, an amplicon 
will have been generated as a result of nucleic acid amplification. In some embodiments, 
as discussed above, positive controls may be added or incubated as controls for nucleic 
acid amplification and restriction enzyme digestion, as discussed below. Restriction 
enzymes, selected from the group consisting of Sau 3AI, NIa III, Spe I, Dra I, Alw 441, Ssp 
10 I, Hpa I and combinations thereof are added and the resulting mixture is incubated under 
conditions suitable for restriction enzyme digestion. Digestion of the amplicon is then 
confirmed by any of a number of means known in the art, for example, by gel 
electrophoresis as shown in Figure 2. Specifically, as shown in Figures 1 and 2, digestion 
of the HA amplicon with Sau 3AI and Spe I shows a specific banding pattern for variola, 
15 monkeypox, camelpox and vaccinia/cowpox. Similarly, digestion of the crmB amplicon 
with Dra I, Alw 44I, Ssp I and Hpa I results in a specific banding pattern for variola, 
monkeypox, camelpox, vaccinia and cowpox, allowing these viruses to be clearly 
distinguished from one another. Furthermore, as shown in Figure 1(b), only monkeypox 
virus includes an NIa III restriction site, meaning that cleavage of an amplicon by this 
20 restriction enzyme clearly indicates that the sample in question includes monkeypox viral 
DNA. 

Specifically, referring to Figures 1 and 2, if the sample tested contains Variola 
(Genbank Accession L22579), Camelpox (Genbank Accession AF438165), Vaccinia 
(Genbank Accession U94848) or Monkeypox DNA (Genbank Accession AF380138), 

25 incubation with SPOXHA5/SPOXHA3 and/or SPOXCRMB5/SPOXCRMB3 will result in the 
product of amplicon(s). 

If the Orthopoxvirus DNA is Variola, digestion of the HA amplicon with Sau 3AI (at 
nucleotide 151462) and Spe I (at nucleotides 151483 and 151600) will produce restriction 
fragments of approximately 135 nts, 117 nts, 57 nts and 20 nts. Digestion of the crmB 

30 amplicon with Dra I (at nucleotide 183398), Alw 44I, Ssp I and Hpa I will produce two 
bands of approximately 168 nts and 98 nts. 

If the Orthopoxvirus DNA is monkeypox, digestion of the HA amplicon with Sau 3AI 
(at nucleotide 159041) and Spe I (at nucleotide 159173) will produce restriction fragments 
of approximately 134 nts, 132 nts and 57 nts. Digestion of the crmB amplicon with Dra I, 

35 Alw 44I, Ssp I and Hpa I (at nucleotide 194885) will produce. two bands of approximately 
216 nts and 47 nts. Furthermore, as discussed above, only the monkeypox crmB amplicon 
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includes an Nla III restriction site, producing fragments of 49 and 215 nts. 

If the Orthopoxvirus DNA is camelpox, digestion of the HA amplicon with Sau 3AI 
(at nucleotides 163771 and 163884) and Spe I (at nucleotide 163909) will produce 
restriction fragments of approximately 135 nts, 113 nts, 57 nts and 24 nts. Digestion of the 
5 crmB amplicon with Dra I, Alw 44I, Ssp I (at nucleotide 202188) and Hpa I will produce two 
bands of approximately 147 nts and 119 nts. 

If the Orthopoxvirus DNA is vaccinia, digestion of the HA amplicon with Sau 3AI (at 
nucleotides 149861 and 149953) and Spe I (at nucleotides 149861 and .149978) will 
produce restriction fragments of approximately 135 nts, 93 nts, 57 nts, 24 nts and 20 nts. 
10 Digestion of the crmB amplicon with Dra I, Alw 44I (at nucleotide 170867), Ssp I and Hpa I 
(at nucleotide 170923) will produce three bands of approximately 117-139 nts, 56 nts and 
46 nts. 

It is of note that the above-described primers are capable of binding to nucleic acid 
of Variola, Camelpox, Vaccinia and Monkeypox. It is of note that other suitable primers 

15 capable of amplifying the above-described genomic regions containing the restriction 
enzyme sites from one or more of the above Orthopoxviruses may also be used for 
identifying a specific Orthopoxvirus and are within the scope of the invention. 

The kits of the invention comprise at least one pair of primers, comprising 12 or 
more consecutive nucleotides of ATGCCGGTACTTATGTATGTGC (SPOXHA5, SEQ ID 

20 NO: 1) and 12 or more consecutive nucleotides of TCTTGTCTGTTGTGGATTCT 
(SPOXHA3, SEQ ID NO: 2) for amplification of the region of the HA gene; and/or 12 or 
more consecutive nucleotides of TACCGGTCTCAGCGAATC (SPOXcrmBS, SEQ ID NO: 
3) and 12 or more consecutive nucleotides of ACCGTCTCCGAATGCGGCAT 
(SPOXcrmB3, SEQ ID NO: 4) for amplification of the region of the crmB gene and a set of 

25 instructions, generally written instructions although electronic storage media (e.g., 
magnetic diskette or optical disk) containing instructions are also acceptable, relating to 
the use of the primers, hybridization conditions and the like. The kit may also include 
reagents for nucleic acid amplification, positive controls and suitable restriction enzymes 
as discussed herein. The kits may also include at least one positive control template, for 

. 30 example, VARV and MPXV HA and crmB amplicons, discussed below. 

We developed diagnostic PCR-RFLP assays to detect and distinguish between 
variola and monkeypox, whose DNA is generally unavailable, and two other species of 
Orthopoxvirus, vaccinia and camelpox (Gubser, C. and Smith, G.L J of Gen. Virol. 
83,855-872(2002)). New primer sets for the haemagglutinin (HA) and the cytokine 
35 response modifier B (crmB) genes (Ropp, S.L et aL J. Clin. Micro. 33, 2069-2076 (1995); 
Loparev, V.N. et al J.Clin. Micro. 39, 94-100 (2001)) were selected by aligning sequences 
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entered into GenBank for all isolates of variola, monkeypox, camelpox, cowpox and 
vaccinia viruses. Amplicons of approximately 300 base pairs were identified which 
contained wholly conserved restriction enzyme sites to allow for RFLP analysis (fig.1). 
Relative sensitivity of the primer sets was determined using a serial dilution of DNA 
5 extracted from a vaccinia virus stock (WT7 at 1x10 8 pfu/ml). Both primer sets were able to 
detect viral DNA equivalent to 7 pfu per reaction, a level, that is 10-100 fold more sensitive 
than the previously described sets (Ropp, S.L. et aL J. Clin. Micro. 33, 2069-2076 (1995); 
Loparev, V.N. et al J.Clin. Micro. 39, 94-100 (2001)). 

To ensure our assay would be sufficiently robust for clinical samples regardless of 
10 sampling methods or shipping conditions, dilutions of vaccinia virus were sampled using 
cotton swabs and stored as dry swabs (CDC Guide D. Specimen collection guidelines.), or 
in 0.5ml viral transport media for 18 hours at 4°C. Additional swabs were also sampled 
using a commercially available culture system and stored for 18 hours at 4°C, 30°C or - 
20°C to survey the effect of temperature of storage on sensitivity. DNA was extracted from 
1 5 each swab and assayed for the presence of both HA and crmB sequences. Under all 
regimes tested, no loss of sensitivity was detected. 

In addition, we generated artificial templates to produce amplicons corresponding' 
to HA and crmB sequences from variola and monkeypox viruses, to be used as positive 
controls in RFLP analysis (See Figure 5; SEQ ID No. 5-8). As a test of our assay, vaccinia 
20 strain MVA T7, was used as an "Orthopoxvirus clinical sample" (test sample). DNA was 
extracted and PCR reactions for HA and crmB sequences were performed in parallel with 
reactions using vaccinia and camelpox genomic DNA and the cloned synthetic templates 
produced for both variola and monkeypox HA and crmB sequences. Appropriately sized 
amplicons were produced in both the HA and crmB reactions indicating the test sample 
25 was positive for Orthopoxvirus DNA (fig 2). Aliquots of all amplicons produced were 
digested with restriction enzymes along with the appropriate positive controls to identify 
the species of test sample (fig. 2). Amplicons were directly sequenced to confirm identity. 

The invention will now be described by way of examples; however, the invention is 
not limited by the examples. 
30 PCR target sequence and primer selection 

The hemagglutinin (HA) and cytokine response modifier B (crmB) genes have 
previously been utilized in the detection and differentiation of Orthopoxviruses (OPV) by 
PCR/RFLP analysis (Loparev et al M 2001 ; Ropp et al., 1995). Sequences for these two 
genes were compared among OPV identifying potential primers sets capable of 
35 generating short (-300 base pair) amplicons that contained restriction enzyme sites 
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suitable for RFLP analysis. The following primers were identified and their location on the 
Variola Bangladesh genome (L22579) is given in parenthesis; SPOXHA5 - 5'- 
ATGCCGGTACTTATCTATGTG- 3'(1 51 327-1 51 347), SPOXHA3 - 5'- 
TCTTGTCTGTTGTGGATTCT- 3' (151656-151637), SPOXcrmB5 - 5' - 

5 TACCGGTCTCAGCGAATC- 3X183227-183244), SPOXcrmB3 - 5' 

ACCGTCTCTCCGAATGCGACAT- 3' (183493-183474). Primers were synthesized using 
standard phosphoamidite chemistry on a Beckman OligolOOOM (BeckmanCoulter, 
Mississauga, Ontario). 

Viruses and DNA isolation 

10 The orthopoxvirus strains and controls used in this study are summarized in Table 

1. DNA was isolated from virus-infected cells, virions, serum, swabs and scab 
suspensions using QIAamp (Qiagen, Mississauga, Ontario) DNA purification kit according 
to the manufacturers instructions for buccal swabs with modifications. Briefly, samples or 
swabs were brought up to 400pl with PBS containing 1 ug yeast tRNA (Sigma, Burlington, 

15 Ont). Qiagen protease and buffer AL were added and the samples incubated at 56°C for 
30 minutes followed by.95°C for 15 minutes. 400pl of ethanol was added to the sample, 
which was then applied to the supplied column. The column was then washed with 500uL 
of buffer AW1 and centrifuged at 6,000g for 1 minute followed by a second washing with 
500 uL of buffer AW2 and centrifugation at 20,000g for 3 minutes. The column was then 

20 dried by centrifugation at 6,000g for 1 minute. Finally 50 |jL of buffer AE was added to the 
column, incubated for 5 minutes at room temperature, followed by centrifugation at 6,000g 
for 1 minute to elute the DNA which was subsequently stored at -20°C until use. 
PCR/RFLP analysis 

Polymerase chain reactions were prepared using HotStarTaq PCR kits (Qiagen) 
25 following manufacturers instructions. Reaction mixtures (50 uL) were 1X PCR buffer with 
2.5 mM MgCI 2 , 200 uM each dNTP, 0.2 uM each primer, 2.5 units HotStarTaq DNA 
polymerase and 1 pi of DNA sample. PCR cycling conditions consisted of an initial 
activation step of 95°C for 15 minutes followed by 40 cycles of 95°C for 15s, 50°C for 30s, 
72°C for 30s. A final extension for 5 minutes at 72°C was followed by an indefinite hold at 
30 4°C. Products were analyzed on agarose gels and visualized by ethidium bromide 
staining. For RFLP analysis, the amplified DNA was purified using a PCR purification kit 
(Qiagen) according to manufacturers instructions and the DNA eluted in 30 ul final volume. 
Five microliters of this DNA was digested with 5 units of the appropriate restriction enzyme 
(New England Biolabs, Mississauga, Ontario) for 2 hours followed by electrophoresis 
35 agarose gel and visualized by ethidium bromide. 

Determination of sensitivity and functionality in clinical samples 
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Vaccinia virus (WT7) [TCIDso = 1 x10 8 pfu/mL] was tenfold serially diluted to 1 x 
10" 2 pfu/ml in MEM (Invitrogen, Burlington, Ontario). OPV DNA from 100 ul aliquots of 
each dilution was isolated and PCR assays used to detect for the presence of OPV DNA. 
Virus dilutions were also allowed to absorb to an SW13 monolayer (ATCC, Manassas, VA) 
5 for 1 hr at 37°C after which the media was removed and the cellular monolayer lifted with a 
cotton swab. DNA was isolated from the swabs. DNA was also isolated from the scab and 
pustular fluid from a recent smallpox vaccine and the presence of OPV DNA determined 
by PCR analysis. 

Construction of PCR/RFLP positive controls for Variola and Monkeypox 

10 DNA sequences corresponding to VARV and MPXV HA (SEQ ID NO. 5 and 7) and 

crmB (SEQ ID NO. 6 and 8) amplicons were constructed from overlapping 
oligonucleotides (Table 2) which where annealed and subsequently filled in using T4 DNA 
polymerase (New England Biolabs, Mississauga, Ontario), amplified in a PCR reaction 
and cloned. Briefly, the primers for each set (VarHA1-84, VarHAI 67-65, VarHA148-250, 

15 VarHA330-231), (MPHA1-84, MPHA162-64, MPHA142-244, MPHA324-224), (VarcrmBI- 
115, VarcrmB207-95, VarcrmB 185-299, SPOXcrmB3 , ) > (MPcrmB1~115, MPcrmB207-95, 
MPcrmBI 87-295, SPOXcrmB3') were annealed by resuspending 30 pmol of each primer 
in 50 mM NaCI, 10 mM Tris-CI (pH 7.9), 10 mM MgCI 2 , 1 mM dithiothreitol in a total 
volume of 50pl. The mixture was incubated at 95°C for 3 minutes followed by 37°C for 10 

20 minutes and ice for 10 minutes. 5 ul of this mixture was added to 45pl of 50 mM NaCI, 10 
mM Tris-CI (pH 7.9), 10 mM MgCI 2 , 1 mM dithiothreitol, 0.2 mM dNTPs and 3 units of T4 
DNA polymerase and incubated at 37°C for 60 minutes. A PCR reaction was prepared 
with SPOXHA5/SPOXHA3 or SPOXcrmB5/SPOXcrmB3 primers with 5pl of this annealed 
and extended product. The resulting PCR products were cloned into pCR4 TOPO vector 

25 (Clontech, Palo Alto, CA) followed by transformation into TOP10 cells. Individual colonies 
were selected from ampicillin containing plates, overnight cultures were grown, and 
plasmid preparations made using a Qiagen miniprep DNA kit. Identity of clones was 
confirmed by sequencing. Cassettes containing Hind ///, Not I and Pst I sites were 
subsequently introduced into these clones by incorporating these sites into the following 

30 primers which were used in subsequent PCR reactions with the appropriate primer pair. 
Ha cassette- 

5'ATGCCGGTACTTATATATGTGCATTCTTTATGACATCAAGCTTGCGGCCGCTGCAGA 
CTACAAATGATACT- 3' (SEQ ID No. 9), 
Var crmB cassette- 

35 5TACCGGTCTCAGCGAATCCATCTYAAGCTTGCGGCCGCTGCAGAACGTCGGAACTA 
ACTATTAC-3' (SEQ ID No. 10), 
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MP crmB cassette- 

5'CGTCTCTGAATGCGGCATGATAGTATCATTCTTTGTCTGCAGCGGCCGCAAGCTTT 
CGTTAACTGTTTG- 3' (SEQ ID No/ 11) 
PCR products were cloned and confirmed by sequencing. 
5 RESULTS AND DISCUSSION 

To address the perceived increased threat of a bioterrorism attack using Variola 
virus following the events of September 11/2001 we undertook to develop PCR based 
diagnostic assays that would allow us to rapidly detect and identify this agent. As both the 
crmB and HA genes of OPV have previously been identified as suitable targets for PCR 
10 based diagnostics (Loparev et al., 2001; Ropp et al., 1995), we designed primer sets for 
these two genes that would produce smaller amplicons to allow both, a rapid PCR and the 
generation of synthetic positive controls, which still contained restriction enzymes sites 
suitable for RFLP analysis. The SPOXHA5/SPOXHA3 primer set was designed to produce 
an approximately 330 bp amplicon of the HA gene for most OPV, 329bp for VARV and 
15 323bp for MPXV specifically. A Sau3A I site present at nucleotide 151462 of VARV strain 
Bangladesh (L22579) is wholly conserved among all these sequences currently entered in 
GenBank. VARV and MPXV are unique in OPV in that this is the only Sau 3AI site present 
in this amplicon, other members of the genus have either multiple sites or a single site 
p resen t a t another location. Digestion of VARV and MPXV HA amplicons with this enzyme 
20 will produce two fragments 139bp and 188 or 194 bp characteristic of these two viruses. 
Further distinction between VARV and MPXV can be achieved by digestion of HA 
amplicons with Spe I (fig.1). Primers to amplify a region of the crmB gene 
(SPOXcrmB5/SPOXcrmB3) were also identified to produce 250 - 300 bp amplicons from 
OPV. VARV amplifies a product of 267 bp and MPXV a product of 264 bp. The other 
25 human tropic OPV produce fragments from 218 to 270 bp in size. Discrimination of VARV 
and MPXV from all others OPV can be achieved by Dra I and Nla III digestion respectively 
(fig.1). Both of these sites are wholly conserved in entries into GenBank and are unique to 
these species. 

To determine the limit of sensitivity of these assays, a titration of OPV in MEM 
30 media was performed and viral DNA isolated. The presence of viral DNA was detected by 
PCR using both primer sets; the crmB and HA primer sets were capable of detecting OPV 
DNA corresponding to 0.002 and 0.02 pfu's respectively (fig. 2a). 

As samples for diagnosis of OPV would normally include scab crust or pustular 
material (Breman and Henderson, 2002, N. Engl. J. Med. 346:1300-1308; Centers for 
35 Disease Control and Prevention, 2003; Kelly et al., 2004, J Clin Microbiol. Mar;42(3):1373- 
5; Meyer et al., 2002, J. Clin. Microbiol. 40:2919-2921), material that may be confounding 
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in an assay, total DNA was extracted from the scab crust and from the gauze used to 
cover the pustule of a recent vaccinee (Connaught Labs, Conn-Master 17633, lot#1556- 
14). The presence of OPV DNA was confirmed using both assays and the DNA was 
subsequently sequenced and most closely identified as Vaccinia strain Lister (Fig. 3). To 
5 mimic posterior tonsillor swabs that may be taken to detect virus in possibly exposed, but 
asymptomatic individuals, dilutions of vaccinia virus T7 stocks were also applied to SW13 
monolayers, the virus was allowed to absorb to the monolayer, the infectious fluid 
removed and the monolayer (and absorbed virus) removed using a cotton swab. Total 
DNA was isolated and assayed by PCR. This method, although subject to losses from 
1 0 incomplete or inefficient viral absorption to the monolayer and losses due to material 
bound to the swab, still resulted in a detection limit of 0.02 - 0.2 pfu's or approximately 10 
fold lower sensitivity than the direct isolation from stock (fig.2b). 

To ensure specificity of the primer sets, DNA derived from sources (human 
genomic, monkey genomic, Rickettsia rickettsia, HSV type 1 and 2 and Varicella-zoster 
1 5 virus) that may be present in a VARV or MPXV test sample was assayed for OPV DNA. 
All sources were negative by both assays. 

Synthetic amplicons to be used as positive controls for both the amplification and 
RFLP analysis were generated using overlapping large oligonucleotides. The original 
constructs contained sequences corresponding to GenBank entries for both VARV 
20 (L22579) and MPXV (AF380138) and were confirmed' by standard dye terminator 
sequencing. These constructs were later modified with the insertion of a 19 bp sequence 
containing Hind III, Not I and Pst I restriction sites to allow simple discrimination between 
amplicons derived from a sample and those that may arise from contamination by positive 
control. Figure 4 shows the result of amplification of both the original constructs (VC, MC, 
25 VH, and MH) and the modified constructs (VCN, MCN, VHN, and MHN) and their 
digestion with Pst I. Differentiation between products containing the original viral sequence 
and those containing the insert was possible on an agarose gel and with additional 
digestion by Pst I (or Hind III or Not I), the presence of the extraneous DNA in the modified 
positive controls can be confirmed. 
30 A proficiency panel prepared by the European Network for Imported and Viral 

Diseases (ENIVD) (Niedrig et al., 2004, J. Clin. Microbiol. 42:1753-1755) was tested using 
both primer sets. The panel was provided as lyophilized material requiring suspension in 
water followed by DNA extraction and contained six different inactivated OPV (table 1) 
ranging in concentration from 10 7 to 10 1 genome equivalents. All viral genomes were 
35 detected in at least one assay (fig.4) and at all concentrations. The one sample which did 
not amplify in the HA assay, Cowpox Brighton Red, was subsequently found to lack the 
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region corresponding to the SPOXHA3 primer. 

We were fortunate to also have access to VARV DNA produced by the Centers for 
Disease Control, Atlanta as outlined in Table 1 that represents a portion of the exhaustive 
panel investigated by Ibrahim et al. (2003) and Kulesh et at. (2004). Our two assays were 
5 able to readily detect all VARV isolates provided and at all concentrations. 

To address the practicality of RFLP analysis to differentiate OPV amplicons, 
samples from the ENIVD panel were amplified, restriction enzyme digested and 
electrophorised on an agarose gel. Along with these samples, the synthetic controls 
produced were also processed in a like manner. The results of this analysis are shown in 

10 Figure 4. Digestion patterns produced by the authentic MPXV sample match those 
produced from the synthetic amplicons for MPXV and are distinguishable from the 
modified synthetic amplicons containing the 19 bp insert, while still allowing positive 
identification of the amplicon. The other OPV present have RFLP digestion patterns 
consistent with their predicted patterns. 

15 Although RFLP analysis seems to have recently fallen out of favor as a diagnostic 

assay, as PCR followed by sequencing is now the 'gold standard 1 for molecular diagnostic 
identification (Ibrahim et al., 2003; Mackay et al., 2002), it can still provide relatively rapid 
information to identify a specific agent. Here we show that the amplicons produced in 
these assays from VARV or MPXV can be discriminated from each other and from other 

20 OPV by RFLP analysis. Due to the HA and crmB amplicons small size we were able to 
synthetically construct positive controls for both VARV and MPXV virus for use in PCR as 
well as RFLP. These controls were further modified to incorporate 19 bp inserts containing 
Hind III, Not I and Pst I restriction enzyme sites. These new constructs allow the both the 
PCR and RFLP assays to be controlled and also enable ready discrimination of amplicons 

25 that may be derived from contamination from the positive controls. This may be useful in 
facilities that do not have ready access to sequencing facilities. The implications of a 
positive VARV or MPXV test require that the utmost efforts be undertaken to ensure the 
accuracy of this diagnosis. In this context it is important to remember that histology and 
electron microscopy still can have a vital role OPV detection in particular and viral 

30 detection in general (Centers for Disease Control and Prevention, 2003; Hazelton and 
Gelderblom, 2003; Schoepp et al., 2004, Lab Invest. Jan;84(1):41-8). 

As we have seen with the HA amplification of Cowpox Brighton Red (and CPX, 
v00-l-20), it is possible for primers directed at well-conserved regions to fail on some 
isolates. With this in mind we targeted two well-separated (Massung et al., 1996, Virology 

35 221:291-300) genes of OPV to minimize the generation of a false negative resulting from 
a genome deletion. Conversely, the generation of false positives, due to lab 
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contamination, can be minimized with the use of the modified synthetic controls for both 
VARV and MPXV that are readily distinguishable from the wild-type sequence. Combined 
with sequencing and/or RFLP analysis, these tests and associated controls provide a 
simple, robust, sensitive and adequately controlled diagnostic tool for OPV molecular 
diagnostics. 

While the preferred embodiments of the invention have been described above, it 
will be recognized and understood that various modifications may be made therein, and 
the appended claims are intended to cover all such modifications which may fall within the 
spirit and scope of the invention. 
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TABLE 1 . Source of DNA samples. 
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TABLE 2. 



Primer 



Sequence 5' - 3' 



VarHA1-84 
SEQ ID No. 12 
VarHAI 67-65 
SEQ ID No. 13 

VarHAI 48-250 
SEQ ID No. 14 

VarHA330-231 
SEQ ID No. 15 

MPHA1-84 
SEQ ID No. 16 
MPHA1 62-64 
SEQ ID No. 17 

MPHA1 42-244 
SEQ ID No. 18 

MPHA324-224 
SEQ ID No. 19 

VarcrmB1-115 
SEQ ID No. 20 

VarcrmB207- 
95 

SEQ ID No. 21 

VarcrmB185- 

299 

SEQ ID No. 22 
MPcrmB1-115 
SEQ ID No. 23 

MPcrmB207- 
95 

SEQ ID No. 24 
MPcrmB187- 
295 
SEQ ID No. 25 



ATGCCGGTACTTATCTATGTGCATTCTTTATGACATCAACTACAAATG 
ATACTAATAAAGTAGATTATGAAGAATACTCTACAG 
CTCAGAACTAGTTTCCGGTGAATGTGAAGATCCAGATAGTATTATGT 
CTATAGTCGATTCACTATCTGTGTTTACAATCAACTCTGTAGAGTATT 
CTTCATAA 

CACCGGAAACTAGTTCTGAGAAACCTGATTATATAAATAATTTTAATT 
GCTCGTTGGTATTTGAAATCGCGACTCCGGGACCAATTACTGATAAT 

GTAGAAAA 

TCTTGTCTGTTGTGGATTCTCCAGATGATGTACTTACTGTATTAATGA 

TATCACTAGTTATGTGACAGTGTCTGTATGATTTTCTACATTATCAGT 

AAT 

ATGCCGGTACTTATATATGTGCATTCTTTATGACATCGACTACAAATG 
ATACTGATAAAGTAGATTATGAAGAATACTCCATAG 
CTCAGAAATAGTTTCCGGTGTAGATCCAGATAGTATTATGTCTATAGT 
CGATTCACTATCTGTATTTACAATCAACTCTATGGAGTATTCTTCATA 

ATC 

CACCGGAAACTATTTCTGAGAAACCAGAGGATATAGATAATTCTAATT 
GCTCGTCTGTATCGAAATCGCGACTCCGGAACCAATTACTGATAATG 
TAGAAGA 

TCTCGTCTGTTGTGGATTCTCCAGATGATGCATTTACTGTATTAATGC 
TATCACTAGTGTATGTGACGGTGTCTGTATGGTCTTCTACATTATCAG 
TAATTGGT 

TACCGGTCTCAGCGAATCCATCTTAACGTCGGAACTAACTATTACTA 

TGAATCATACAGATTGCAATCCCGTATTTCGTGAGGAATACTTCTCTG 

TCCTTAATAAGGTAGCAACT 

AGAACCTTTGTTATTACATTTAATCTCAAAATTTAAAGTACACACCTTT 
GAAATATTTTGATATCTATTTTCTCCTGTAAAAAATCCTGAAGTTGCTA 
C CTTATTAAG G AC A 

AAATGTAATAACAAAGGTTCTTCCTTCAAACAGCTAACGAAAGCAAA 
GAATGATGACGGTATGATGTCGCATTCGGAGACGGTAACTCTAGCG 
GGTGACTGTCTATCTAGCGTC 

TACCGGTCTCAGCGAATCCATCTCAACGTCGGAACTAACTATTACCA 
TGAATCATAAAGATTGTGATCCCGTCTTTCGTGCAGAATACTTCTCTG 
TCCTTAATAATGTAGCAACT 

GATGAATCTTTGTTGTTACATTTAATCTCGAAATTCAGAGTACATATC 
TTTGAAGTATTCTGATATCTATTTTCTCCTGTAAAGAATCCTGAAGTT 
GCTACATTATTAAGGAC 

AAATGTAACAACAAAGATTCATCTTCCAAACAGTTAACGAAAACAAAG 
AATGATACTATCATGCCGCATTCAGAGACGGTAACTCTAGTGGGCGA 
CTGTCTATCTAGCGT • 



